Four soybean cDNA nodule-specific clones encoding nodulin-23, -26b, -27 and -44 were observed to cross-hybridize under low stringency conditions. Nucleotide sequence analysis revealed that the cDNAs contain three distinct domains: two domains with 70 to 95% homology separated by a third domain unique to each cDNA. Despite a number of nucleotide insertions and deletions, the protein sequences are conserved in the two domains which correlate with the homologous nucleotide domains. The amino terminal domain of each nodulin contains putative signal sequences for membrane translocation, although only two (nodul1n-23 and -44) meet all the criteria for a functional signal. Immuno-precipitation of hybrid-release translation products of the four cDNAs revealed that nodulin-23 is associated with the peribacteroid membrane while nodulin-27 is in thecytoplasmic fraction of the nodule. These four nodulins are members of a diverse family with conserved structural features and the genes encoding them appear to have recently evolved from a common ancestor.
INTRODUCTION
Successful infection of leguminous plants by Rhizobium spp. leads to the development of a specialized plant organ, the root nodule (for reviews, see 1,2). The symbiotic relationship which ensues allows the reduction of dinitrogen and its assimilation by the host while providing an ecological niche for the microsymbiont. A number of genes are specifically expressed in the nodule, encoded both by host and microsymbiont genomes. The products of these genes, called nodulins, have been characterized from a number of legumes (3-5), however, the functions of only a few have been determined: leghemoglobin (6), uricase II (nodul1n-35) (7) and sucrose synthetase (nodulin-100) (8) . Nodulin gene expression is not only tissue-specific but also cell type-specific (9) . A number of nodulins have been identified to be involved 1n the formation of the subcellular compartment enclosing the microsymbiont (10). Little 1s known of the evolution and regulation of the apparently large number of nodule-spedfic genes (11, 12) .
Preliminary observations have indicated that several nodule-specific cDNA clones hybrid-select a number of related mRNA species encoding different molecular weight nodulins and thus appear to be members of an abundantly transcribed multigene family (12, 13, 19) . The nucleotide sequences of several of these clones were analyzed and were found to have common structural features. Their sequence homologies extend into the 3' non-coding region, which suggests that these sequences may have recently evolved from a common ancestor. Despite the similarity in their structures, these nodulins are located in different subcellular compartments.
MATERIALS AND METHODS
Nodulin cDNA Clones A full length cDNA clone for nodul1n-26b was obtained from a nodule specific cDNA library of Glvcine max (cv. Prize) as described previously (12 Iirmiuno-precip1tat1on and Electrophoresis of Translation Products HRT products were immuno-precipitated with antisera raised against soluble (S100) nodule specific (3) or peribacteroid membrane specific material and subjected to SDS-PAGE (10).
RESULTS

Primary Structures of Nodulin-26b and Nodulin-27
Complete nucleotide sequences of the nodul1n-26b and -27 cDNAs were aligned and are displayed 1n criteria of a functional signal sequence. Nodulin-26b lacks the first six amino add residues of the signal sequence and nodulin-27 contains a lysine residue at the -5 position of a potential cleavage site, a residue not normally found at this location (21) . No sequence homology bewteen these putative signal peptides has been found with nodul1n-24, which has an in vitro cleavable signal peptide (22) . These interpretations lead us to predict that nodulin-23 and -44(E27) are membrane associated while nodul1n-26b and -27 are in the soluble fraction of the cell.
Subceliuiar Location of Nodulins
In order to confirm the predicted subcellular locations of these nodulins, translation products of hybrid-selected nodulin mRNAs were Immuno-precipitated with specific antibodies and subjected to SDS-PAGE ( Figure 5 ). Nodul1n-23 and -27 reacted specifically with antisera raised against peribacteroid membrane and soluble (SIOO) nodule specific material respectively. These findings suggest that nodulin-23 and -27 are located respectively in the peribacteroid membrane and 1n the cytosolic compartment of the nodule. Nodul1n-26b and -44, however, reacted weakly with both antisera, thus their subcellular locations could not be precisely deduced. The absence of reactivity of nodul1n-44 with the peribacteroid membrane antisera 1s not Inconsistent with our predictions since the protein could be associated with other endo-membranes. The nodul1n-44 cDNA clone appears to Table 1 summarizes the characteristics of these and other nodulins in addition to leghemoglobin analyzed to date. Several of the abundantly transcribed nodulins are integral parts of the peribacteroid membrane. This Includes nodulin-26, which has no homology with the nodulin family described here (23). The apparent molecular weights of most of the nodulins is larger than the actual molecular wieghts, which appears to be due to specific secondary structural features (see ref. 22 ).
DISCUSSION
We have described the structures of four nodulins which appear to be encoded by an unique gene family. These nodulins have three domains, two homologous domains separated by a third non-homologous domain of variable length. Thirty percent of the amino acid sequence of the homologous domains, To whom correspondence should be addressed
